The distribution of angiotensinogen messenger (mRNA) was determined in the rat aorta. Other investigators have demonstrated the presence of angiotensinogen mRNA in whole rat aorta; however, its precise location in the blood vessel wall has not been defined. When various layers of the vessel wall were separated by dissection or cell dispersion, angiotensinogen mRNA levels were greatest in the periaortic adipose tissue. Angiotensinogen mRNA was present in very small levels in the adventitia, with no detectable levels in the muscle layer. In addition to periaortic adipose tissue, angiotensinogen mRNA was also present in the interscapular brown fat pad of the rat. The high levels of angiotensinogen mRNA in periaortic brown adipose tissue suggests that angiotensin may be synthesized there and responses may exist in this tissue or adjacent sympathetic nerve terminals. {Circulation Research
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A ngiotensinogen is the only known precursor to / \ the angiotensin peptides. The presence of an-A. \ -giotensinogen messenger RNA (mRNA) in a tissue implies the ability to synthesize this protein, an obligatory requirement in the ultimate production of angiotensin II. Several tissues, including liver, brain, kidney and blood vessels, contain angiotensinogen mRNA.
1 ' 2 This wide distribution of angiotensinogen mRNA supports the notion that local renin angiotensin systems exist. One of the postulated sites of such a system is the vasculature. When plasma renin levels in rats are dramatically decreased following bilateral nephrectomy, substantial amounts of renin activity can still be detected in homogenates of aorta. 3 In addition, renin activity and synthesis have been described in both cultured arterial smooth muscle and endothelial cells / - 5 Angiotensin converting enzyme has also been localized in the endothelium and smooth muscle. 6 Nakamura et al 7 quantified the release of angiotensin by the perfused mesenteric artery. This endogenous angiotensin mediates the /3-adrenergic-induced facilitation of norepinephrine release during nerve stimulation of this in vitro blood vessel preparation. 8 To further characterize a possible vascular renin angiotensin system, we have localized angiotensinogen mRNA in rat aorta. When elements of the vessel wall were separated by dissection or cell dispersion techniques, the angiotensinogen mRNA was present predominantly in periaortic brown adipose tissue, and to a lesser extent, in the adventitia.
Materials and Methods

Dissection of Rat Aorta
Vessels were prepared from male Sprague-Dawley rats (250-300 g). The animals were killed, and thoracic aortae were removed, snap frozen in liquid nitrogen, and stored at -7 0°C until use.
Periaortic adipose tissue and interscapular fat pads were used as brown adipose sources. The periaortic adipose tissue was simply stripped from around the aorta. For interscapular fat, an incision was made between the scapulae, where the interscapular fat is an easily discernible brown adipose pad.
For separation of vessel wall elements, the aortae were first stripped of periaortic adipose tissue. The aortae were then placed in a solution containing collagenase (1.0 mg/ml) and elastase (0.25 mg/ml) and incubated under oxygen at 37°C for 20 minutes. Using a dissecting microscope, the adventitia was carefully peeled from the vessel. The resulting muscle layer was then gently scraped free of remaining endothelium. RNA was also isolated from freshly dispersed rat aortic smooth muscle cells and cultured smooth muscle (cells were prepared as previously described). 9 
Gel Electrophoresis and Quantitation of RNA
RNA extraction, gel electrophoresis, and hybridization conditions were performed by standard techniques that we have described previously. 10 Angiotensinogen mRNA sequences were detected by hybridization to a full length rat angiotensinogen complementary DNA. 10 In addition to angiotensinogen, all tissues were probed for actin mRNA to ensure that manipulations of tissues did not affect levels of angiotensinogen mRNA detected on northern gels and dot blots (data not shown).
Results
Angiotensinogen mRNA was present in aorta from Sprague-Dawley (Figure 1, lane 5) and Wistar-Kyoto rats (Figure 2) . Levels of angiotensinogen mRNA in intact aorta that were lightly cleaned of surrounding adipose tissue were 20-30% of those seen in RNA extracted from rat liver (Figure 1, lane 5) . However, when aorta were enzyme treated and then exhaustively stripped free of adipose tissue, levels of angiotensinogen mRNA dramatically decreased (Figure 1, lane 6) .
When the separated elements of the vessel wall (periaortic adipose tissue, adventitia, and muscle) were examined, the angiotensinogen mRNA was localized in the adventitia and periaortic adipose tissue. Levels of angiotensinogen mRNA in periaortic adipose tissue were 40% of those seen in rat liver. Angiotensinogen mRNA was not detected in the muscle layer of rat aorta or in isolated or cultured aortic smooth muscle cells (data not shown). Thus, levels and localization of angiotensinogen mRNA were greatest in periaortic adipose tissue, followed by the total vessel (without periaortic adipose tissue), with lowest levels present in adventitia.
As an alternative source of brown adipose tissue, RNA was extracted from the interscapular brown fat pad of the rat (Figures 1 and 2) . Angiotensinogen mRNA was present in this brown adipose source; however, levels of message were approximately 50% of those seen in periaortic adipose tissue.
Angiotensinogen mRNA was not observed in the medial layer of rat aorta. Because of the small amount of tissue, we did not examine the endothelial layer of rat aorta, which is rich in angiotensin converting enzyme, another component of the renin angiotensin system. 6 However, angiotensinogen mRNA was below levels of detection in primary cultures of rat heart endothelial cells, freshly scraped isolates of bovine endothelial cells, or cultures of bovine aortic endothelium (data not shown). The rat angiotensinogen complementary DNA probe used does cross-hybridize with bovine liver angiotensinogen mRNA (K.R. Lynch, unpublished observation). In addition, neither initial isolates nor passaged cultured rat aortic smooth muscle contained detectable amounts of angiotensinogen mRNA. This suggests the angiotensinogen mRNA is restricted to the adventitia and surrounding adipose tissue of the artery.
Discussion
In this study, we have demonstrated the presence of angiotensinogen mRNA in rat aorta and surrounding periaortic adipose tissue. The presence of angiotensinogen mRNA in these tissues implies the ability to synthesize angiotensinogen, an obligatory requirement for an extrarenal vascular renin angiotensin system.
In a previous study, Campbell et al 1 reported the presence of angiotensinogen mRNA in a variety of tissues, including rat aorta and mesenteric artery. We have confirmed this finding and have further localized angiotensinogen mRNA to the adventitia and surrounding periaortic brown adipose tissue of the vessel.
The adventitia of the vessel wall consists of a variety of cell types, including among others fibroblasts, nerve endings, and adipocytes. We have not determined the cell type(s) in the adventitia that contain the angiotensinogen mRNA; however, due to the large amount of angiotensinogen mRNA in the isolated periaortic brown adipose tissue, the brown adipocyte is a likely candidate. In addition, the amount of angioten-
---a. < < < sinogen mRNA in the adventitia as compared with the brown adipose tissue correlates well with the relative amounts of adipose cells in each respective tissue.
One characteristic component of the adventitia are the noradrenergic nerve endings, which are located at the adventitial-medial border. It is unlikely that nerve terminals (adrenergic axons and varicosities) contain significant amounts of any mRNA. However, nanomolar angiotensin levels released or produced in the vicinity of the nerve endings could act presynaptically to facilitate norepinephrine release, which has been demonstrated in a variety of vascular preparations."
Brown adipose tissue is very metabolically active, with a dense sympathetic innervation and thus high levels of catecholamines. 12 The demonstration of angiotensinogen mRNA in aortic brown adipose tissue with the potential for local formation of angiotensin raises the possibility for tremendous local interaction of angiotensin presynaptically with the dense sympathetic innervation of brown adipose tissue as well as those few fibers that are distributed in the adventitia and outer media of the rat aorta.
In addition to periaortic brown adipose tissue, we also probed another brown adipose source, the interscapular fat pad of the rat. We detected angiotensinogen mRNA in this fat pad; however, levels were less than those seen in periaortic adipose tissue. In the rabbit, guinea pig, and rat, levels of brown adipose tissue are highest in the newborn and decrease with age. 13 The densest localization of brown fat in the adult rat is surrounding vessels, where this tissue plays a vital role in thermogenesis. l4 The interscapular fat pad also is used for thermogenesis; however, this fat source appears to be a mixture of both brown and white adipose tissue. 15 Therefore, if angiotensinogen mRNA is restricted solely to brown adipocytes, lower mRNA levels as a function of protein or total RNA would be seen in a brown and white adipose mixture.
To date, very litttle is known about any angiotensin responses in brown adipose tissue. In contrast, brown adipose tissue is known to contain )3-adrenoreceptors linked to changes in cyclic nucleotides, 16 a purinergic system that releases and responds to adenosine, 17 and has some presynaptic receptors (muscarinic 18 and prostaglandins 19 ) that will modulate noradrenergic neurotransmitter release. Due to the large quantity of angiotensinogen mRNA in this tissue, the question arises as to whether an angiotensin response exists in brown adipose tissue. The localization of angiotensinogen mRNA to periaortic brown adipose tissue opens a new area for expanding our knowledge of the renin angiotensin system.
Note added in proof:
During the editorial process of this manuscript, a similar observation has been demonstrated by Campbell DJ, Habener JF: Cellular localization of angiotensinogen gene expression in brown adipose tissue and mesentery: Quantification of messenger ribonucleic acid abundance using hybridization in situ. Endocrinology 1987;121:1616-1626.
